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(54) Apparatus for determining degree of restoration of diseased part 



(57) Disclosed is an apparatus for determining a de- 
gree of restoration of a diseased part, comprising: two 
pairs of electrodes; an electric current source; a voltage 
measuring unit; and an arithmetic unit. According to the 
present invention said two pairs of electrodes are con- 
tacted with a skin in the surrounding area of the dis- 
eased part, and said electric current source feeds a 



measuring current via selected ones of said electrodes. 
Furthermore said voltage measuring unit measures a 
voltage between another selected ones of said elec- 
trodes, and said arithmetic unit calculates a parameter 
representing a degree of restoration of the diseased part 
based on the measurement data from said voltage 
measuring unit. 
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Description 

BACKGROUND OF THE INVENTION: 
Field of the Invention: 

[0001] The present invention relates to an apparatus 
for determining a degree of restoration of a diseased 
part on a human body. 

Description of the Prior Art: 

[0002] There is a symptom known as a lymphatic ede- 
ma frequently seen after the surgical operation for 
breast cancer, uterine cancer and other cancer. This is 
a kind of swell mainly appeared only at one side or on 
a portion of an arm, a leg or an armpit, that frequently 
involves no change of color or no pain. That is to say, 
this is under such condition that a portion is swelled 
somehow. In an initial stage for the lymphatic edema 
there is no significant obstacle occurred in the life of a 
person if he does not concern about it. In addition a phy- 
sician may not positively deal with such swelled portion 
and frequently leave it without any treatment. With the 
progress of such symptom, however, it may happen that 
the swelled portion becomes larger or suddenly turns 
red color with a fever, for which the person feels uneasy. 
[0003] In the past a several types of diagnosis and 
assessment method for the lymphatic edema have been 
developed. For instance, a palpation by a physician has 
been conducted by touching the diseased part with his 
hand, or a change in circumferential length or volume of 
the target part has been measured. Alternatively some 
device with an echo effect has been used to produce an 
image with which the diagnosis for the diseased part is 
carried out. 

[0004] On the other hand, the muscle of a human 
body consists of an aggregation of fine cells known as 
muscular fibers. The number of such muscular fibers on 
a person is naturally determined when he was born and 
does not increase or decrease thereafter, but each of 
them may become thicker or thinner. Such phenomenon 
may be generally expressed by the words "growth or de- 
cline of the muscles". If a person had an accident such 
as fracture of a bone or breakage of a tendon then the 
diseased part and its surrounding area are covered with 
a gypsum after the surgical operation in order to protect 
that part against any movement. Of course, the person 
should restrain himself from carrying out a physical ex- 
ercise. Due to the restriction in movement of the person 
in his daily life the muscle of the person, and in particular, 
the skeletal muscle becomes declined only in a part 
such as one arm or one leg. Therefore some rehabilita- 
tion is necessary for the person to rapidly restore the 
declined muscular fibers after removing the gypsum. 
[0005] In such circumstances the prior art method of 
knowing a degree of such restoration is simply to meas- 
ure the muscle power for that part of the person. 



[0006] The prior art diagnosis and assessment meth- 
od for the lymphatic edema mainly depend on the sub- 
jective decision by the physician, and therefore, there 
may frequently be some difference in decision and as- 
5 sessment made by the different physicians. In addition, 
touching the diseased part of the patient with the hand 
of the physician may cause any possibility of occurrence 
of pain even some time interval after the surgical oper- 
ation, which leads to uneasiness for the patient. Then 
10 the prior art method is not preferable for the diagnosis 
for the diseased part that is in the course of restoration. 
[0007] The prior art method for measuring the muscle 
power to know the degree of restoration of an external 
damaged part after the surgical operation is difficult to 
15 embody because various types of the measuring devic- 
es are necessary and a patient is required to move by 
himself a part of his body including the diseased part. 

SUMMARY OF THE INVENTION: 

20 

[0008] In view of the above it is an object of the 
present invention is to provide a new and improved ap- 
paratus for determining a degree of restoration of a dis- 
eased part on a person, that can solve the prior art prob- 
es lems as described above. 

[0009] To attain such object the present invention pro- 
vides an apparatus for determining a degree of restora- 
tion of a diseased part, comprising: two pairs of elec- 
trodes; an electric current source; a voltage measuring 
30 unit; and an arithmetic unit; whereby said two pairs of 
electrodes are contacted with a skin in the surrounding 
area of the diseased part, said electric current source 
feeds a measuring current via selected ones of said 
electrodes, said voltage measuring unit measures a 
35 voltage between another selected ones of said elec- 
trodes, and said arithmetic unit calculates a parameter 
representing a degree of restoration of the diseased part 
based on the measurement data from said voltage 
measuring unit. 
40 [0010] According to one embodiment of the present 
invention said electrodes of the two electrode pairs are 
placed on a line at such interval that the diseased part 
is positioned therebetween. 

[0011] According to another embodiment of the 
45 present invention said apparatus further comprises a 
display unit and said display unit indicates the parame- 
ter produced by said arithmetic unit. 
[0012] According to further embodiment of the 
present invention said apparatus further comprises a 
50 storage unit and a comparison unit, said storage unit 
stores the parameter produced by said arithmetic unit, 
and said comparison unit compares the parameter rep- 
resenting the current measurement data with the pa- 
rameter representing the previous measurement data 
55 stored in said storage unit or the predetermined refer- 
ence and outputs the result of comparison, which is then 
displayed on said display unit. 

[0013] According to yet further embodiment of the 
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present invention said parameter includes a bioelectri- 
cal impedance. 

[0014] According to yet further embodiment of the 
present invention said parameter includes an informa- 
tion on a swell in the surrounding area of the diseased 
part. 

[0015] According to yet further embodiment of the 
present invention said parameter includes an informa- 
tion on an amount of muscle in the surrounding area of 
the diseased part. 

[0016] According to yet further embodiment of the 

present invention said parameter includes a ratio of in- 

tra-cellular water to extra-cellular water. 

[0017] According to yet further embodiment of the 

present invention said current source selectively feeds 

the measuring current having any one of a plurality of 

frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

[0018] Now the present invention will be described in 
more detail with reference to the accompanying draw- 
ings in which: 

Fig. 1 is a block diagram illustrating an apparatus 
for determining a degree of restoration of a dis- 
eased part according to one embodiment of the 
present invention; 

Fig. 2 is a flow chart illustrating a measurement pro- 
cedure using a plurality of frequencies conducted 
by the apparatus in Fig. 1 ; 

Fig. 3 is a view illustrating a personal parameter en- 
tering screen in the embodiment in Fig. 1 ; 
Fig. 4 is an electrically equivalent circuit of a cell in 
a tissue; 

Fig. 5 is a graphical representation of a bioelectrical 
vector impedance locus of a human body; 
Fig. 6 is a graphical representation illustrating a re- 
lation between a point of characteristic frequency 
and points of 0Hz and infinite frequencies; 
Fig. 7 is a view showing a format in which the meas- 
urement result produced in the embodiment in Fig. 
1 is indicated; 

Fig. 8 is a graphical representation showing an im- 
pedance change produced in the embodiment in 
Fig. 1; 

Fig. 9 is a graphical representation showing a 
change in amount of extra-cellular water and a 
change in ratio of intra-cellular water to extra-cellu- 
lar water produced in the embodiment in Fig. 1 ; 
Fig. 10 is a flow chart illustrating a measurement 
procedure using a single frequency in another em- 
bodiment of the present invention; and 
Fig. 11 is an external view illustrating the apparatus 
for determining a degree of restoration of a dis- 
eased part according to the present invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS: 

[0019] Referring first to Fig. 1 an apparatus for deter- 
5 mining a degree of restoration of a diseased part on a 
person according to an embodiment of the present in- 
vention is entirely shown in the form of a block diagram. 
As shown in Fig. 1, the apparatus 1 for determining a 
degree of restoration of the diseased part according to 
10 the present invention is generally segmented into two 
blocks, i.e. a block 1 and a block 2. The block 1 is con- 
figured to mainly perform a control for the bioelectrical 
impedance measurement, an arithmetic operation and 
an input/output of the data. The block 1 comprises: an 
15 arithmetic and control unit 2; a ROM 3 for storing con- 
stants and programs for an apparatus control and the 
arithmetic operation; a RAM 4 for temporarily storing a 
measured data, an arithmetic result, and data and pro- 
grams read out from an external device; a nonvolatile 
20 auxiliary storage 5 allowing the measured data, the 
arithmetic result and a parameter regarding the meas- 
urement to be stored, read out or updated; a display unit 
6 for indicating an information for operation, a condition 
during measurement, the measured data and the arith- 
25 metic result; an external input/output interface 7 for out- 
putting a parameter and measured data to an external 
device and for reading a parameter regarding the meas- 
urement and a control information or a control program 
for the measurement into the present apparatus from 
30 the external device; an external interface terminal 8 for 
connecting the external input/output interface 7 to the 
external device; a key input device 9 for inputting a con- 
trol command for the apparatus and a personal param- 
eter of a person to be measured; a clock device 1 0 for 
35 generating a time information for controlling a date and 
time of the measurement; a power source device 1 1 for 
supplying an electric power to each unit of the present 
apparatus; and a power source terminal 12 for supplying 
the electric power to the power source device 11 from 
40 the outside. 

[0020] The block 2 is configured mainly to measure 
the bioelectrical impedance and to convert an analog 
signal thereof into a digital signal. The block2 comprises 
an alternating signal generating device 20 for generat- 
es jng an alternating current signal with a frequency de- 
fined by a control program stored in the ROM 3 or the 
RAM 4; an alternating current output device 21 for ap- 
plying to an object to be measured the alternating signal 
output from the alternating signal generating device 20 
50 with an RMS value defined by the control program 
stored in the ROM 3 or the RAM 4; a reference current 
detector 22 for detecting a current applied to the object 
to be measured and for outputting it as a reference cur- 
rent detection signal; alternating current output termi- 
55 nals 30 and 31 which are output terminals for applying 
to the object to be measured an alternating current sup- 
plied from the alternating current output device 21 
through the reference current detector 22; an A/D con- 
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verter 23 for converting an analog signal, which is an 
output of the reference current detector 22, to a digital 
signal; potential measuring terminals 32 and 33 which 
are input terminals for inputting potential signals from 
the object to be measured at two points thereof respec- 
tively; a potential difference detector 25 for outputting a 
differential signal of the potential signals between the 
potential measuring terminals 32 and 33; and an A/D 
converter 24 for converting an analog signal, which is 
an output of the potential difference detector 25, to a 
digital signal. Fig. 11 is an external view illustrating the 
entire apparatus 1 configured to include all the compo- 
nents and devices as described above. 
[0021 ] Next, description will be made to how to attach 
the electrodes when it is desired to determine a degree 
of restoration of the diseased part that may cause a lym- 
phatic edema and the like by using the apparatus 1 . The 
electrodes 50, 51 , 52, 53 are placed on a line so that the 
diseased part to be measured is positioned therebe- 
tween, as shown in Fig. 1. More particularly the elec- 
trodes are placed in the order of 50, 52, 53, 51 from the 
outer side, and the diseased part is present between the 
electrodes 52 and 53. The electrodes 52 and 53 are 
spaced from the diseased part at the predetermined dis- 
tance, respectively. Similarly the electrodes 50 and 52 
as well as 53 and 51 are spaced apart from each other. 
The alternating current output terminals 30, 31 of the 
apparatus 1 are connected to the electrodes 50, 51 via 
cables 40, 41 , respectively. Similarly the potential meas- 
uring terminals 32, 33 are connected to the electrodes 
52, 53 via cables 42, 43, respectively. The correspond- 
ing pairs of the terminals and the electrodes are: 30-50; 
31-51; 32-52; and 33-53. 

[0022] Then a measurement and decision procedure 
and an operation of the present embodiment will be gen- 
erally described with reference to the flow chart shown 
in Fig. 2. 

[0023] When a power switch of the apparatus being 
turned ON at step S1, the apparatus is initialized (step 
S2) and simultaneously an initial screen is indicated on 
the display unit 6 for a few second (step S3). Then, a 
screen for inputting a personal parameter shown in Fig. 
3 is indicated on the display unit 6 to enter a wait mode. 
Then an identification number of a person to be meas- 
ured and the personal parameters thereof including a 
sex, a height, a body weight and an age are input 
through the key input device 9. In this connection it is 
preferred that such personal parameters are input in ad- 
vance and they are read out and used every time when 
the identification number of the person is entered. The 
present embodiment is configured, however, such that 
the measuring can be performed even if these parame- 
ters are not set. When the personal parameters are not 
set, however, an arithmetic operation for calculating a 
body composition is not executed as described later. 
[0024] When the identification number is input (step 
S4), the personal parameters stored in RAM 4 is read 
out (step S5) and a screen for confirming that the per- 



sonal parameters stored and read out are correct is dis- 
played on the display unit 6 (step S6). If they are correct 
the procedure proceeds to a routine for measuring a bio- 
electrical impedance, but if not, the procedure returns 
5 to the step 4 for inputting the identification number (step 
S7). 

[0025] A measuring operation of the bioelectrical im- 
pedance starts when a measuring start key is pushed 
whether or not the personal parameters have been set. 
It is a matter of course that the electrode for the meas- 
urement should have been attached to the person to be 
measured and should have been connected to the ap- 
paratus before starting the measurement. 
[0026] Then the description will be made to the meas- 
urement of the bioelectrical impedance based on which 
the degree of restoration of the diseased part is deter- 
mined. 

[0027] The measurement of the bioelectrical imped- 
ance is repeated "n" times ("n" is already set), beginning 
with the frequency F1 of the frequency Fi. 
[0028] In step S8 the initial setting for the first frequen- 
cy is performed so that "i"=1 , and in step S9, this value 
of "i" is used to set the frequency Fi. 
[0029] An output signal frequency is set by the alter- 
nating signal generating device 20 based on a meas- 
urement control parameter stored in advance in the 
ROM 3 or on the measurement control parameter set in 
the RAM 4 through the auxiliary storage 5 or the external 
input/output interface 7. An output signal from the alter- 
nating signal generating device 20 is input to the alter- 
nating current output device 21 . The alternating current 
output device 21 is composed of a constant current out- 
put circuit whose current value can be optionally set. 
The output current value of the alternating current output 
device 21 is set based on the measurement control pa- 
rameter. The alternating current output from the device 
21 is applied to the person to be measured through the 
reference current detector 22, the alternating current 
output terminals 30 and 31 , the measurement cables 40 
and 41 connected to respective terminals, and the elec- 
trodes 50 and 51 for applying a measuring current. 
[0030] At that time, the current applied to the person 
to be measured is detected by the reference current de- 
tector 22. The detected output in the form of analog sig- 
nal is converted to the digital signal by the A/D converter 
23, and the resulting signal is stored in the RAM 4. Si- 
multaneously, potential signals are picked up by the po- 
tential measuring electrodes 52 and 53 attached to the 
person to be measured. Then the signals are fed via the 
measuring cables 42 and 43 connected to respective 
electrodes, and the potential measuring terminals 32 
and 33 connected to respective measuring cables, to 
the potential difference detector 25. The potential differ- 
ence detector 25 in turn outputs the potential difference 
signal, which corresponds to the difference between the 
potential signals input thereto, into the A/D converter 24. 
The A/D converter 24 converts the input potential differ- 
ence signal in the analogue format into the digital signal, 
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which means that the bioelectrical impedance is meas- 
ured (step S10). Then the resulting signal is stored in 
the RAM 4 (step S11). 

[0031 ] When the measurement of the bioelectrical im- 
pedance at the first frequency is completed the setting 
of i=i+1 is performed (step S12) and decision is made 
as to whether the predetermined number of times "n" is 
over or not (step S1 3). If T is greater than the predeter- 
mined number "n" the measurement of the bioelectrical 
impedance is terminated. But if not, the procedure re- 
turns to step S9 and the measurement of the bioelectri- 
cal impedance is repeated, but at the second frequency. 
[0032] Then the vector impedance locus and the pa- 
rameters associated thereto are calculated based on 
the measured values at each of plural frequencies. 
[0033] A bioelectrical impedance of a living body is 
typically represented by a lumped constant equivalent 
circuit comprising an extra-cellular fluid resistance Re, 
an intra-cellular fluid resistance R i? and a cell membrane 
capacitance Cm, as shown in Fig. 4. Practically, plural 
cells making up the living body are respectively repre- 
sented by individual circuits having different constants 
due to their different shapes and characteristics. Thus, 
in the living body as an aggregation of such cells, its 
vector impedance locus does not show a semicircle at 
variance with the case of measuring the lumped con- 
stant equivalent circuit, but shows a circular arc given 
in the Cole-Cole model. 

[0034] Thus, the bioelectrical impedance of the living 
body is generally represented by a circular arc-like locus 
shown in Fig. 5. In Fig. 5, x-axis represents a resistance 
component of the impedance, while y-axis represents a 
reactance component of the impedance. Since the re- 
actance component of the bioelectrical impedance 
shows a negative value due to its capacitive property, 
the vector locus of the bioelectrical impedance is plotted 
on the underside of the real axis as shown in Fig. 6. As- 
suming that the vector impedance locus derived is a cir- 
cular arc, the bioelectrical impedance values Z1, Z2 ... 
Zn measured respectively at the frequencies Fi (i-1 - n) 
are on a circular arc of a certain circle as shown in Fig. 
6. Herein, a real axis (axis of abscissa) and an imaginary 
axis (axis of ordinate) in the vector impedance plane are 
described as an X-axis and a Y-axis respectively. 
[0035] Then, one correlation function as expressed 
below is derived from the impedance Zi (i=1 — n) plotted 
on the coordinate: 

(X- a) 2 + (Y- b) 2 = r 2 (1) 

where, "a" is X coordinate of the center of the circle, "b" 
is Y coordinate of the center of the circle, and "r" is a 
radius of the circle. 

[0036] In other words, this is an approximated corre- 
lation expression between points "n". Then the following 
formula is derived: 



X = a± V(r 2 — b 2 ) 
wherein, since R 0 > R inf , 

5 

R 0 =a+ V(r 2 — b 2 ) 

R . nf = a _V(r 2 -b 2 ) 

[0037] Accordingly, Re and Ri of the equivalent circuit 
of Fig. 4 are expressed as: 

Re = R 0 
Ri = R 0 ■ R jnf / (R 0 — R jnf ) 

20 

[0038] Since the impedance vector Zc at the charac- 
teristic frequency Fc is defined by a point where the re- 
actance or the imaginary axis component, that is, the 
absolute value of Y-axis component, takes a maximum 
25 value, X coordinate as a real axis component and Y co- 
ordinate as an imaginary axis component of the imped- 
ance vector Zc are determined as: 

X=a,a,Y = b-r 

and thereby the impedance vector Zc is represented as: 

35 Zc = a + j(b r) 

[0039] According to Cole-Cole model described 
above, the impedance vector at a frequency co is ex- 
pressed as: 

40 

Z(co) = R inf + (R 0 - R inf )/(1 +(jcox) p ) 

where, Z(co) is the impedance vector at co, and x and p 
45 are constants. 

When x = 1 / coc, 



where coc = 27iFc. 

55 

[0040] Fc and P can be calculated also based on 
these relations and a data on the circle (step S14). 
[0041] Then the body composition values including 



15 



20 



25 



30 



Z(co) = R inf + (R 0 — R inf )/(1 + (jco/coc) p ) 



5 



9 



EP 1 112 715 A1 



10 



the amount of extra-cellular water, the amount of intra- 
cellular water, the ratio of the intra-cellular water to the 
extra-cellular water, the total body water, the fat free 
mass, body fat mass and the body fat rate are calculated 
based on the vector impedance locus and the associat- 
ed parameters, such as R 0 , R jnf , R e , Ri, Zc, Fc or the 
like, which are calculated beforehand (step S15). If the 
personal parameter has not been set, this process is 
omitted as described above. 

[0042] The resultant data is stored in the auxiliary 
storage 5 (step S16), together with the date and time 
data fed from the clock unit 1 0. 

[0043] The bioelectric impedance, the amount of ex- 
tra-cellular water, and the ratio of the intra-cellular water 
to the extra-cellular water (ICW/ECW) already meas- 
ured and calculated are displayed on the display unit 6 
in a format as shown in Fig. 7 (step S1 7). Then the pre- 
vious measurement data and the newly stored meas- 
urement data are retrieved from RAM 4. If the personal 
parameter has not initially been set, only the impedance 
change is displayed on the display unit 8, as shown in 
Fig. 8. 

[0044] On the other hand, if the personal parameter 
has been set, the ratio of the intra-cellular water to the 
extra-cellular water (ICW/ECW) is calculated also in as- 
sociation with the current measurement data. The 
change in amount of extra-cellular water and the change 
in ratio of the intra-cellular water to the extra-cellular wa- 
ter are displayed on the display unit 6 in a graph form, 
as shown in Fig. 9 (step S18). If a significant increase 
can be seen in the graph showing the change in amount 
of extra-cellular water, as compared to the previously 
stored measurement data, the tendency of "being 
swelled" is indicated on the display unit 6. In contrast 
thereto, if less change in amount of extra-cellular water 
can be seen in the graph, the "satisfactory" condition is 
indicated on the display unit 6 (step S19). 
[0045] The lymphatic edema frequently seen after the 
surgical operation for breast cancer and uterine cancer 
is defined as a swelled condition caused due to the stor- 
age of much protein and water in the subcutaneous tis- 
sue around the diseased part. The degree of the lym- 
phatic edema can be determined based on the amount 
of body water around the diseased part. The change in 
body water of the human body mainly depends on the 
change in amount of extra-cellular water. As the result 
the degree of the lymphatic edema can be determined 
by measuring the bioelectrical impedance through the 
diseased part of the human body. Then reference is 
made to the graph in Fig. 8. This graph shows the 
change in bioelectrical impedance with the progress of 
time that is measured through the diseased part after 
the surgical operation for breast cancer, uterine cancer, 
or the like. This graph shows the case where the bioe- 
lectrical impedance measured immediately after the 
surgical operation was higher, but it greatly decreased 
every time when the measurement was done, and after 
a certain period of time, the bioelectrical impedance be- 



came not so greatly decreased. This means that the 
lymphatic edema caused some period of time after the 
surgical operation and the degree thereof gradually in- 
creased, but thereafter the lymphatic edema did not fur- 

5 the r grow and there was a tendency towards restoration. 
[0046] Therefore, the degree of restoration of the dis- 
eased part can be determined by observation of the 
change in bioelectrical impedance, amount of extra-cel- 
lular water and ratio of intra-cellular water to extra-cel- 

10 lular water as measured by the present apparatus. This 
may be achieved by, for instance, comparison of the cur- 
rent measured value with the previous measured value 
or with the predetermined reference. 
[0047] In step S20, S21 or S23 "re-measurement", 

15 "new measurement" or termination of measurement is 
displayed on the display unit 6. Then the intended op- 
eration is selected and the data is entered through the 
key input device 9. 

[0048] The re-measurement means that the meas- 
20 urement is performed once again. In this case the meas- 
urement is started from the point where the electrodes 
are attached. The procedure returns to step S5 where 
the personal parameters stored are read out. The new 
measurement means that the procedure returns to step 
25 S4 where the identification number is entered. This is 
mainly used for a group examination. If the re-measure- 
ment is not performed the procedure is terminated and 
the entire apparatus is turned OFF (step S23). 
[0049] The embodiment described above is directed 
30 to the case where several frequencies are used. The 
present invention also relates to another embodiment 
where an alternating current at a single frequency is 
generated and used in the apparatus for determining the 
degree of restoration of the diseased part. The block di- 
ss agram for such second embodiment is same as that in 
Fig. 1 representing the case of several frequencies 
used, and therefore, it is omitted here. But, a flow chart 
representing an operation of the second embodiment 
where only a single frequency is used is illustrated in 
40 Fig. 10. 

[0050] Then a measuring procedure and an operation 
of the second embodiment will be described with refer- 
ence to the flow chart in Fig. 10. An initial operation for 
the second embodiment is same as the first embodi- 
es ment where the several frequencies are used. In addi- 
tion the subsequent operation for the second embodi- 
ment where the identification number and the personal 
parameters are input through the key input device 9 is 
same as the first embodiment. Therefore the description 
50 of steps S31 to S37 is omitted (which steps correspond 
to steps S1 to S7 as described above). The apparatus 
according to the second embodiment is started to meas- 
ure by depressing the measurement start key. 
[0051] Then the bioelectrical impedance is measured 
55 according to the following procedure. Based on the 
measurement control parameter a single output signal 
frequency is set by the alternating signal generating de- 
vice 20. An output signal from the alternating signal gen- 
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erating device 20 is input to the alternating current out- 
put device 21 . 

[0052] The alternating current output device 21 sets 
a single output current value and outputs the corre- 
sponding alternating current. This alternating current is 
applied to a person to be measured through the refer- 
ence current detector 22 and the alternating current out- 
put terminals 30, 31 , as in the case of several frequen- 
cies used. 

[0053] At that time, the current applied to the person 
to be measured is detected by the reference current de- 
tector 22. The detected output in the form of analog sig- 
nal is converted to the digital signal by the A/D converter 
23, and the resulting signal is stored in the RAM 4. The 
potential signals from the potential measuring elec- 
trodes 52 and 53 are fed to the potential difference de- 
tector 25 and then to the A/D converter 24. The A/D con- 
verter 24 converts it into the digital signal, which is 
stored in the RAM 4. Thus far is the measurement op- 
eration (step S38). 

[0054] Based on the resultant data the bioelectrical 
impedance is calculated (step S39). Due to the meas- 
urement performed at single frequency the impedance 
calculated is absolute value, rather than vector locus as 
in the case of the several frequencies used. 
[0055] Then the amount of body water for the part to 
be measured is calculated based on this absolute im- 
pedance value, provided that the personal parameters 
have been set. 

[0056] The resultant data is stored in the auxiliary 
storage 5(step S40), together with the date and time da- 
ta from the clock unit 10, as in the case of the several 
frequencies used. 

[0057] The resultant data is displayed on the display 
unit 6. At that time the previous measurement data and 
the current measurement data are retrieved from RAM 
4. Due to the measurement at single frequency the 
amount of extra-cellular water and the ratio of intracel- 
lular water to extra-cellular water are not displayed. But 
the change in bioelectrical impedance is displayed on 
the display unit 6 in the graph format as shown in Fig. 
8, as in the case of several frequencies used (step S41 ). 
Any undulation of the curve in the graph indicates 
whether the swell in the diseased part tends toward "res- 
toration" or needs "treatment" on the display unit 6 (step 
S42). 

[0058] Thus far is a series of operation steps for the 
measurement, and the subsequent step is any one of 
"re-measurement", "new measurement" and "termina- 
tion" steps (steps S43 to S45). Such steps are same as 
the case of several frequencies used. 
[0059] The apparatus according to the embodiments 
as described above functions to determine the degree 
of restoration of the diseased part based on the derived 
information on the swell such as the lymphatic edema 
and the like after the surgical operation for breast cancer 
or uterine cancer. The present invention, however, is not 
limited to such apparatus, but it is also applicable to de- 



termine the degree of restoration of the diseased part 
based on the derived information on the muscle around 
the diseased portion after the surgical operation for frac- 
ture of a bone. 

5 [0060] As already described above the muscle of a 
human body consists of an aggregation of fine cells 
known as muscular fibers. If the muscle leaves unused 
for longer period of time each of the muscular fibers be- 
comes thinner. As the result the blood vessel in the mus- 
10 cle becomes reduced in diameter so that the amount of 
blood flowing therethrough becomes also reduced. Be- 
cause of the blood including much electrolyte such as 
sodium ions or potassium ions it has the characteristic 
that an electric current is liable to flow therethrough. If 
15 the amount of blood decreases the bioelectrical imped- 
ance at that part, of course, increases. Therefore the 
continuous measurement of bioelectrical impedance 
makes it possible to keep track of the change in amount 
of the muscle. More particularly when the bioelectrical 
20 impedance measured through the surrounding area of 
the diseased part is higher than the predetermined ref- 
erence it is determined that the amount of muscle has 
decreased. On the other hand when the bioelectrical im- 
pedance cu rrently measured is lower than that previous- 
25 |y measured it is determined that the amount of muscle 
around the diseased part has satisfactorily been re- 
stored under the rehabilitation. 

[0061] Therefore in order to watch the degree of res- 
toration of the muscle under the rehabilitation after the 
30 surgical operation the bioelectrical impedance for the 
surrounding area of the diseased part is measured by 
the apparatus configured as shown in Fig. 1 after the 
surgical operation. Then the bioelectrical impedance is 
continuously measured at certain interval during the re- 
35 habilitation period to keep track of the change in amount 
of the muscle. Based on the measurement data it is de- 
termined that the rehabilitation is satisfactory. The 
measurement procedure is same as that of the case 
where the swell is displayed, and therefore, the descrip- 
40 tion thereof is omitted here. 

[0062] Finally some message such as "the rehabilita- 
tion proceeds satisfactorily" or "more physical exercise 
is necessary" is displayed so that the person to be meas- 
ured knows the effect of the rehabilitation. 
45 [0063] It is apparent from the foregoing that any 
change in swelled condition can be seen simply by con- 
tinuously measuring the bioelectrical impedance of the 
diseased part after the surgical operation for cancer, de- 
riving the amount of body water and displaying the 
50 change in bioelectrical impedance in the graph. In addi- 
tion the need of touching the diseased part is obviated, 
the better sanitary environment is maintained and the 
person to be measured feels no pain. This is very useful 
for a physician to perform diagnosis for a swelled con- 
55 dition of a patient. 

[0064] The measurement data for a number of per- 
sons can be managed by the configuration for connec- 
tion to the external input/output interface 7. 
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[0065] In case where the apparatus is used in a home 
a person to be measured can see the tendency of a swell 
without any assistance of a physician so that the person 
can easily understand the effect of the rehabilitation by 
himself. 

[0066] In addition, after the surgical operation for frac- 
ture of a bone, the restoration of the muscle under the 
rehabilitation against any decline of the muscle through 
the use of the gypsum can easily be determined simply 
by continuously measuring the bioelectrical impedance 
of the diseased part, deriving the amount of body water 
and displaying the change in bioelectrical impedance in 
the graph. The rehabilitation that it has been difficult to 
understand its effect can now encourage the patient be- 
cause any change in amount of muscle is graphically 
displayed. 

[0067] When the bioelectrical impedance is meas- 
ured using an AC current having plural frequencies and 
the ratio of intra-cellular water to extra-cellular water is 
derived on the bases of the impedance vector locus then 
it is possible to eliminate an error factor of body temper- 
ature change after the rehabilitation, which can not be 
done in case where only the impedance change is ob- 
served. This allows more precise determination of the 
degree of the swelled condition and the restoration for 
muscle after the surgical operation. 



Claims 

1. An apparatus for determining a degree of restora- 
tion of a diseased part, comprising: 

two pairs of electrodes (50, 51 , 52, 53), 

an electric current source (20, 21, 20, 23, 30, 

31); 

a voltage measuring unit; (24, 25, 32, 33); and 
an arithmetic unit (2); whereby said two pairs 
of electrodes (50, 51 , 52, 53) are contacted with 
a skin in the surrounding area of the diseased 
part, said electric current source feeds a meas- 
uring current via selected ones of said elec- 
trodes (50, 51), said voltage measuring unit 
measures a voltage between another selected 
ones of said electrodes (52, 53), and said arith- 
metic unit (2) calculates a parameter represent- 
ing a degree of restoration of the diseased part 
based on the measurement data from said volt- 
age measuring unit. 

2. An apparatus for determining a degree of restora- 
tion of a diseased part according to Claim 1 in which 
said electrodes (50, 51 , 52, 53) of the two electrode 
pairs are placed on a line at such interval that the 
diseased part is positioned therebetween. 

3. An apparatus for determining a degree of restora- 
tion of a diseased part according to Claim 1 or 2 in 



which it further comprises a display unit (6) and in 
which said display unit (6) indicates the parameter 
produced by said arithmetic unit (2). 

5 4. An apparatus for determining a degree of restora- 
tion of a diseased part according to one of Claims 
1-3 in which it further comprises a storage unit (5) 
and a comparison unit and in which said storage 
unit (6) stores the parameter produced by said arith- 
10 metic unit (2), and said comparison unit compares 
the parameter representing the current measure- 
ment data with the parameter representing the pre- 
vious measurement data stored in said storage unit 
(5) or the predetermined reference and outputs the 
15 result of comparison, which is then displayed on a 
said display unit (6). 

5. An apparatus for determining a degree of restora- 
tion of a diseased part according to any one of 

20 Claims 1 to 4 in which said parameter includes a 
bioelectrical impedance. 

6. An apparatus for determining a degree of restora- 
tion of a diseased part according to any one of 

25 Claims 1 to 5 in which said parameter includes an 
information on a swell in the surrounding area of the 
diseased part. 

7. An apparatus for determining a degree of restora- 
30 tion of a diseased part according to any one of 

Claims 1 to 6 in which said parameter includes an 
information on an amount of muscle in the sur- 
rounding area of the diseased part. 

35 8. An apparatus for determining a degree of restora- 
tion of a diseased part according to any one of 
Claims 1 to 7 in which said parameter includes a 
ratio of intra-cellular water to extra-cellular water. 

40 9. An apparatus for determining a degree of restora- 
tion of a diseased part according Claim 1 or 8 in 
which said current source selectively feeds the 
measuring current having any one of a plurality of 
frequencies. 
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